There has been increasing interest in the elemental composition of animal tissues to support health and nutritional studies. Determining the elemental concentration in cattle tissues is especially important because these materials are used for multipurpose objectives such as the assessment of animal health, the quality of human foods consumed, and as a potential environmental biomonitor. Chromium, copper, sodium, potassium, iron, and zinc levels were determined in bovine tissues-kidney, liver and muscle-from cattle bred and raised in a potentially metal contaminated region because of mineral activities. The Brazilian data were obtained using k 0 -instrumental neutron activation analysis, performed at the Nuclear Development Technology Centre/Nuclear Energy National Commission (CDTN/CNEN) in Minas Gerais State. The values of international organizations and the Brazilian analytical data are compatible. This study indicates that the nuclear technique is an efficient tool to determine elemental concentration in animal biological samples.
Introduction
Trace elements are classified by the simplest definition.
For each element there is a range of safe and adequate exposures, within which homeostasis is able to maintain optimal tissue concentrations and functions. But every element is potentially toxic when the range of safe and adequate exposure is exceeded [1] . It is important to examine the mineral composition of animal tissues from nutritional and toxicological points of view.
The Brazilian daily diet is usually composed of vegetables, rice, beans, and meat. Beef is the main protein source for Brazilians, because it is abundant and cheap. Minas Gerais State has the largest national herd of cattle. However, some animals are raised in potentially metal contaminated regions such as Curvelo City and its surrounding areas. This region was chosen as the sampling area due to its intensive mining activities. The Das Velhas River, the second largest in Minas Gerais State flows through this region, carrying out industrial residues which were previously detected in local water, soil, and forage samples [2] .
The elemental determination was carried out in the Radiochemical Laboratory using k 0 -instrumental neutron activation analysis.
Objective
We determined the concentration of elements in cattle tissues in order to verify the levels of essential elements and possible contamination by toxic elements and their impact on human health in future research. This paper is related to the first sampling evaluation of cattle tissue from animals raised in Curvelo and surrounding areas.
Experimental procedures

Sample preparation
Cattle tissues-muscle, kidney, and liver-were analyzed. Brazilians consume kidney and liver; it is a cultural and inexpensive habit. The beef cuts and Mention of the names of firms and commercial products does not imply endorsement by the United Nations University.
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Artur Canella Avelar, Maria Angela de B. C. Menezes, and Julio Cesar C. Veado bovine organs used as samples were chosen at random and purchased at butcher shops located in downtown Curvelo. The source of the animal product purchased was previously checked. Approximately 200 g of each specimen was frozen at -70°C and lyophilized. Each freeze-dried sample was powdered and homogenized and around 300 mg was weighed into polyethylene irradiation vials.
Quality control
Samples were replicate for quality control. Biological reference materials were analyzed in order to verify the efficiency of the method and the traceability of element level determinations. The reference materials used were bovine muscle powder-NIST-SRM 8414 [3] and bovine liver powder-NIST-SRM 1577b, [3] , National Institute of Standards and Technology, USA. These reference materials were also weighed, around 300 mg, into polyethylene irradiation vials.
Analytical technique applied on elemental determination
The neutron activation technique (NA) is based on nuclear properties of the nucleus of the atom, radioactivity, and the interaction of radiation with matter [4] . The simplest description of the technique says that when one natural element is submitted to a neutron flux, the reaction (n,γ) occurs. The radionuclide formed emits gamma radiation, which can be measured by suitable equipment. About 70% of the elements have nuclides possessing properties suitable for neutron activation analysis. At the Nuclear Technology Development Centre (CDTN), there is a nuclear reactor TRIGA MARK I IPR-R1 that allows the application of this technique [5] .
The k 0 -instrumental neutron activation analysis (k 0 -INAA,) [5, 6] a variation of NA in which the sample is irradiated without previous chemical preparation was used in this study. This specific method is based on nuclear constants-the k 0 factors and some reactor parameters. The elemental concentration of the sample is calculated by means of the k 0 fundamental equation:
Considering the subscript a , sample, and p standard, in Equation (1): m is the mass of the studied element; C n is the number of counts in the full-energy peak, corrected for pulse losses (dead time, random, and true coincidence); ε is the full-energy peak detection efficiency, including correction for gamma-attenuation; F is [ f + Q 0 (α)], where f is the subcadmium to epithermal neutron flux ratio, and Q 0 (α) is the I 0 (α), resonance integral, to σ 0 , cross-section thermal neutron, ratio, and α is the parameter describing the real epithermal neutron flux distribution; S is the saturation factor, function of irradiation time; C is the decay factor during the counting; D is the decay factor between irradiation and counting; H is the dead time during the counting. In Equation (2), k 0 is defined by: M, the molar mass; θ , the isotopic abundance; P γ , the gamma-emission probability; and σ , cross-section thermal neutron.
For 91 isotopes the k 0 values have been determined in several laboratories throughout the world, and the k 0 values are available in the literature with about 2% uncertainty. For 21 elements the uncertainty values are about 5%.
The cattle tissues were irradiated in the reactor TRIGA MARK I IPR-R1. At 100 kW the thermal neutron flux is 6.6 × 10 11 neutrons cm 2 s -1 . The samples were irradiated simultaneously with standards of gold and sodium as comparators, and the reference materials. The elements were determined through three schemes of irradiation: 5 minutes to detect the short half-life radionuclides; 4 hours to detect the medium, and 20 hours, the long half-life radionuclides.
After suitable decay time, the gamma spectroscopy was performed in a HPGe detector, 10% of efficiency, FWHM 1.85 keV and 60 Co, 1332 keV, connected to a multichannel analyzer. The calculations were based on the reactor parameters [5, 6] , k 0 constants, and the equations 1 and 2 [6] . The first scheme of irradiation was used to determine copper; the second scheme for potassium and sodium, and the third for chromium, iron and zinc. Table 1 summarizes the sample concentrations for chromium, copper, iron, potassium, sodium, and zinc, determined in certified reference materials, bovine muscle powder (NIST-SRM 8414) and bovine liver powder (NIST-SRM 1577b) from National Institute of Standards and Technology, Gaithersburg, USA. A good agreement was found between the experimental and certified values.
Results and discussion
The same elements were also determined in cattle samples. Tables 2, 3 , and 4 show the results for kidney, liver, and muscle samples, and the values from other countries. All the results based on edible portion, according to values reported in the literature [7] . The data related to Argentina [8] and Chile [8] were supplied by FAO [5] ; the data from the United States were supplied by United States Department of Agriculture (USDA) [9] and the Subcommittee on Mineral Toxicity in Animals [10] . The data from Italy were supplied by INRAM [11] .
In general the kidney samples had similar levels of concentration (table 2). In spite of showing the same value for iron as reported in the United States [9] both results were half the concentration observed in Argentina [9] . It is possible to verify a considerable accumulation of chromium for the Brazilian sample. This result may suggest contamination in the environment [2] .
The Brazilian liver samples had a higher copper concentration than the USA results, while zinc was lower. Zinc deficiency is one of the most important deficiencies worldwide. A moderate zinc deficiency is hardly recognized by the cattle breeder. The levels of the other elements reported were comparable.
The concentration of elements in the muscle samples, including the Italian report [11] are shown in table 4. In general the values for muscle were similar.
Variations in elemental tissue concentrations could be credited to the animal's age, variable input and output of inorganic elements, non-homogeneous composition of tissues [12] , local water and soil conditions, as well as diet and environment. The variation in measurement methods [8] [9] [10] [11] should be emphasized.
Conclusions
We verified the essential element concentration and possible contamination by toxic elements in cattle tissues that can affect human nutrition. There was a 
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good agreement the between values reported international organizations and the Brazilian analytical results obtained; the required data quality was also achieved. The higher iron, chromium, and copper concentrations can reflect the influence of environmental contamination in the animal tissues. It may have been caused by the pollutants in the environment reaching the livestock through water and forage. In this first study it is not possible to affirm that the higher iron, chromium, and copper concentrations mean that these elements are playing the role of toxic elements because it was a preliminary sampling. However, the presence of such elements which is not reported elsewhere [8] should be verified in detail during other studies. It is important to analyze cattle tissues since these materials can be used to assess the animal's health, the quality of human foods, and can be a potential environment biomonitor.
The application of k 0 -instrumental neutron activation analysis was an effective multi-elemental method used to determine mineral concentration of biological material. Iyengar [7] has been defending the argument-while one is dealing with methods for elemental analysis-that the ideal method would be a technique applicable to all elements. The k 0 -INAA as a multielement technique approaches this ideal method. 
